The Fukushima nuclear accident brings challenge to the development of nuclear power all over the world. Thus the general public acceptance raised as the major problems in developing nuclear power for many countries. This paper introduced the history and current situation of nuclear safety goals at home and abroad. The influence of the public acceptance on the nuclear development has been discussed, especially on the nuclear safety goals' establishment.
Introduction
Recently, the general public has been getting more clear about the nuclear power with the development of nuclear power. However, the occurrence of severe accidents in Three Mile Island, Chernobyl, and Fukushima especially attracted the much public attention. In order to protect the public, Switzerland, Germany and Italy have announced "abandon nuclear program". Some of the nuclear power plants have been shut down in Japan. In China, the approval of new nuclear power projects has been suspended. The total amount of energy consumption grows so rapidly in China that the abandon nuclear program is unrealistic. Therefore the nuclear safety become more great importance.
The nuclear safety goals in China are insufficient and need to be further improved since they don't address effects after the Fukushima disaster and don't address quantitative health effect. Meanwhile under the policy environment of vigorous developing nuclear power, the public's debate on the nuclear safety should be taken into consideration. This paper reviews the development of nuclear safety goals and the content related to public acceptance. The impact of public acceptance on nuclear safety goals has been introduced. We discuss the public acceptance influence over the development of nuclear power. The public acceptance could help establish an appropriate safety goals in China.
Development of nuclear safety goals

Nuclear safety goals
The General Nuclear Safety Objective is to establish and maintain an effective radiation protection measures in nuclear power plant, in order to protect staff, the public and the environment from radioactive hazards [1] . This general nuclear safety objective is supported by two complementary safety objectives: radiation protection and technical aspects.
Radiation Protection Objective is to ensure that the radiation exposure within the nuclear power plant when it is in the operation or the radiation exposure from any planned release of the nuclear power plant radioactive material maintain below prescribed limits and as low as reasonably achievable, and to ensure that mitigate any radiological consequences of the accident. This objective is based on the protection of staff, public health and environmental safety.
Technical Safety Objective is to take all reasonably practicable measures to prevent accidents in nuclear installations and in the event of an accident to mitigate its consequences. When design the nuclear power plant, all possible accidents should considered. It includes a low probability of accidents. It should make sure with the high credibility that any radiological consequences is as minor as possible and below the prescribed limits. There is extremely low probability occurrence of serious radiological consequences of the accident.
The purpose of establishing a safety goal could not eliminate risk, but it could help control the risk. In order to promote nuclear power plant operation achieves high safety standards in effective way and make the risk from operational states to levels as low as reasonably achievable (ALARA).
Development of nuclear safety goals
The United States is the first country to make the quantitative safety goals in the world. The accident at Three Mile Island let people to think about the safety of nuclear power. The Nuclear Regulatory Commission (NRC) developed the research of safety goals.
In October 1980, the NRC proposed a plan to develop a safety goal with clearly defined levels to protect the public health and safety and make sure it is adequate. The commission issued the safety goal policy statement in 1986, and established two highest qualitative Safety Goals [2] : The public should have a certain level of protection. The nuclear power plant operation will not have significant additional risk to the life and health of the public members. The nuclear power plant operation effect on the societal risks of public life and health should not exceed the corresponding risks which may arise from other power generation technology. There is no significant additional risk to the community.
In order to achieve the two qualitative safety goals, two quantitative safety goals (quantitative health objectives) were put forward by NRC:
The risk to an average individual in the vicinity of a nuclear power plant of prompt fatalities that might result from reactor accidents should not exceed one-tenth of one percent (0.1 percent) of the sum of prompt fatality risks resulting from other accidents to which members of the U.S. population are generally exposed. The risk to the population in the area near a nuclear power plant of cancer fatalities that might result from nuclear power plant operation should not exceed one-tenth of one percent (0.1 percent) of the sum of cancer fatality risks resulting from all other causes. For facilitating the performance of the quantitative objectives, NRC applied subsidiary objectives that achieve the same intent as the quantitative health objectives. In 2001, NRC assessed the safety of all running plants and compared risks resulting from radiation of nuclear plants with other societal risks [3] . And NRC considered a core damage frequency of less than 1 in 10,000 per year of reactor operation and a large early release frequency of less than 1 in 100,000 years meet the quantitative health objectives.
IAEA issued "Basic Safety Principles for Nuclear Power Plants" (INSAG-3) in 1998, which was revised to INSAG-12 in 1999. The nuclear safety goal in INSAG-3 composed the general goals and other two specific goals. In "Safety of Nuclear Power Plants: Design" (NS-R-1) in 2001, IAEA followed the original general nuclear safety objective, radiation protection objective and technical safety objective. Furthermore, the probabilistic safety criteria were proposed. The objectives of core damage frequency are: 10 -4 per reactor-year for existing plants, 10 -5 per reactor-year for future plants. The objectives of a large radioactive release are: 10 -5 per reactor-year for existing plants, 10 -6 per reactor-year for future plants. In China, the nuclear safety regulatory authority hasn't issued the quantitative safety goals. Referring to the safety objectives definition of IAEA and NRC, there are qualitative goals, and the probabilistic safety criteria, which serve as the reference value of the safety assessment [4] .
Public acceptance
Public acceptance research is a cross research theme of technology and public administration. It is an interaction subject between public and technical. The aim is to alleviate the potential conflict between technological development and social development ultimately by studying the characteristics of public risk awareness [5] . At present, the approach of spreading public opinion has been very different from that previous in China. More and more public can access the variety of anti-nuclear opinion through the Internet, television broadcast and other media. Implementation of a series of the system such as hearings and open legislation makes the public participate in social affairs frequently, and the government will widely consulted and adopt the public opinion during the decision-making process. As the public acceptance would have a more direct impact on the development of Chinese nuclear power, two aspects "the main factors affecting public acceptance" and "the impact of public acceptance on the development of nuclear power" will be studied in the following.
The main factors affecting public acceptance
Differences in public knowledge structure will affect the public's understanding of risk, the public awareness of the risks will affect public acceptance. Generally speaking, the risk can be regarded as hazard when people engage in certain activities within a certain time. The risk is defined as the product of event frequency and its consequence in general [6] : Risk (Consequence/Time) = Frequency (Event/Time) Consequence (Consequence /Event) (1) The value of abundant small risk and that of a handful of serious accident could be equal ostensibly in term of Eq.(1). However, public often consider the social impact of serious accidents with low probability but large consequences is much greater than the accidents with small risk under the same risk value. As a consequence, the public would overestimate the risk of nuclear power plant after the accidents in Chernobyl and Fukushima. The public who support nuclear previously may turn to neutral even oppose it.
Knowledge and experience between the general public and experts are different. The attitudes of public towards the nuclear risks will be more complex and emotional compared with the experts. The public estimates the nuclear risks depend on their intuitive judgments and subjective feelings. A large number of psychology studies have indicated that the public evaluation of the risks depends on the frequency and amount of damages which the public has perceived. If TMI-style events were to occur once every 10-15 year, the public acceptance of the nuclear power will be minimal.
The personal preferences of the general public will affect the attitude of the public acceptance of nuclear power. Furthermore the public acceptance of nuclear will vary with the social factors such as age, economic status, occupation and residence. Table 1 shows the public attitude towards the nuclear in the United State through opinion poll [7] . From table 1, it shows that different gender and age affect the public acceptance of nuclear power. 
The impact of public acceptance on the development of nuclear power
The public acceptance has influence on the nuclear development policy, technology, economy and other issues. The national policy-making should not only take into account the economic costs but also the social costs. If there is a considerable controversy even a conflict on the nuclear power among the general public, it will cause the tremendous social cost. This is one of the major problem that the governments have to consider when making decision. In the technology, in order to meet the requirements of public security, the government will adopt more stringent safety regulations to improve the safety goals. Economically, a number of nuclear projects have been delayed or suspended under the public opposition and doubt, this causes huge economic losses. Germany announced "abandon nuclear program" after the Fukushima accident. It may be an example of the public attitudes effects on nuclear power development.
Compared with other technologies, the public regarded that the nuclear risks has no familiarity, a sense of fear and small control risk characteristics. Combined with the lack of confidence in the management and operation of nuclear power in some countries, the public overestimate the risk of nuclear power. The government and its media should conduct the universal publicity of the nuclear safety knowledge appropriately. This could help the public understand the technology and management of nuclear power and to increase the public acceptance.
In February 2012, NRC approved of establishing a new nuclear power plants in Georgia. Before that, NRC conducted a telephone survey of 1000 U.S. citizens. The consequence of survey was that 89% of Americans focus on the development of low carbon energy including nuclear power and renewable power, in favor of reducing greenhouse gas emissions at the same time, only 10% of people disagreed to restart nuclear power. In Figure 1 , it presented the majority of the American public accept nuclear power over the past decade. Most public regard the nuclear power as an important source of electricity in future. It is inseparable from the complete system of safety goals in the United States. It would be attributed to the qualitative and quantitative safety goals along with adequate nuclear safety regulations. This is why most American public supported the development of nuclear power as usual after Fukushima accident.
The attitude towards applying nuclear by questionnaire survey in China [8] are showed in Figure 2 . The survey shows that in the development of nuclear power, 33% of public support it, 24% of public are against it, 43% of public remain neutral. It seemed that the public acceptance of nuclear power in China is not high compared with other countries. It may result from factors as below. The public's insufficient understanding of management and operation of nuclear power. There is no clear quantitative safety goal. These might cause the phenomenon which the public overestimate the nuclear power risk. Based on these, we should draw on methods from the United States and other countries. By setting up our own proper and quantitative security goals, it makes efforts to improve public attitude towards the nuclear power. The attitude of public surveyed towards various power generation technologies in China is showed in Figure 3 . The attitudes of public towards various power generation technologies from 1~5 are as follows: extremely oppose, oppose, neutral, favor, and extremely favor. It indicated that more than half of the public keep neutral or opposed attitude towards on the development of nuclear power. It could have influence the development of nuclear power. Meanwhile, it shows that the public are more inclined to support wind power, solar power and other new energy compared with nuclear energy. The public thought that it won't big impact on the public life and living environment in the process of using solar and wind power.
Therefore in the nuclear power development process, it needs to publicize the knowledge of nuclear power constantly to the public, meet the public requirement in nuclear information. It could let more and more people know about the nuclear energy. Meanwhile it could enhance the public confidence about the nuclear energy and technology. It would enlarge the public acceptance of nuclear power in some extent by improving the safety of nuclear power plant and establishing the quantitative safety goals suitably.
Public acceptance impacts on the safety goals improvement
U.S. NRC consider their responsibility is to protect the public rather than satisfy them, while it is other departments' work to satisfy the public [9] . Nevertheless, the procedure of establishing safety goals and the safety goals itself should be public. This will increase the credibility of the safety goals.
Public acceptance of any technologies subjectively depends on the absolute quantity of accidents rather than the probability of an accident. If the probability of some accident is stable but the accident always happen, the public will never accept such technology [10] . The safety goals should include the public concern aspects: safety operation of the nuclear power plants, radiation monitoring surrounds the nuclear power plant, nuclear waste disposal, and environmental protection. When define the nuclear safety goal, it should target all the safety-related works during applying nuclear power. The fully communication with the public and experts cannot ignorable. Through this, the nuclear energy policy is acceptable by the public. In the use of the nuclear power, the safety goals keeps be appropriated accessed and revised according to the actual situation.
Impact on the public acceptance through achieving the safety goals Impact on establishing the safety goals by the feedback of public Fig. 4 . The impact between safety goals and the public acceptance Figure 4 shows the impact between safety goals and public acceptance. On one hand, the nuclear safety goals impact on the public acceptance during the application, i.e. the favorable safety record has a positive impact on the public acceptance, on the other hand, the public acceptance could impact on the nuclear safety goals, i.e. the nuclear safety committee adjusts the nuclear safety goals to restore public confidence.
In the event of serious accidents and resulting large radioactive releases, it will not have a significant impact on public health under the condition of the effective implementation of emergency plans. However it may be chronic pollution of land around the nuclear power plant. Even if the probability of an accident is very low, the public have psychologically a huge impact. Therefore, the next generation of nuclear power plant safety goals need to consider the land pollution.
Conclusions
Through the discussion with public acceptance of nuclear energy and the nuclear power safety goals, it can be found that the public acceptance effect the development and the safety goals establishment of the nuclear power. Meanwhile the nuclear power safety goals directly influence the public attitude towards the nuclear power. Relative to the safety goals, the public prefers the defence-in-depth safety principles [9] . Therefore the defence-in-depth safety principles should be considered in the safety goal establishment. The answer to the question "How safe is safe enough" should be contained in the safety goal establishment. In this way, the safety goals could be easily acceptable by the public. According to the study of the Chernobyl accident, the public concern about environmental impacts of nuclear power plants,
Safety Goals
Public Acceptance the public wants nuclear power not to affect the living environment. It could be better to contain the land pollution in the nuclear safety goals.
Due to the complexity of the nuclear power technology, it is difficult for the public to recognize the mechanism of the nuclear power risk. Thus the establishment of the safety goals should be easier to understand for the public. The public could involve in the assessment of the safety goals and help improve it. In the nuclear power technology development, the safety goals should be adjusted timely according to the actual circumstances. It could help to improve the safety of the nuclear power. The nuclear power could be accepted and supported.
